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ABSTRACT 
The performance and handling of automobile are significantly affected by its 
aerodynamic properties. One of the main causes of aerodynamic is about drag force 
and lifting force. This will influence all the aspect of the vehicles such as overall 
performance, fuel consumption, safety and stability. The ground effect uses the 
airflow between the rod surface and the vehicle underbody to create a downforce. 
Rear diffuser will produce low pressure in causing overall lift to be lowered down to 
negative values. The negative value is occurring depends on the diffuser cross-
section area. Rear diffuser will reduce the flow separation at the rear that causing the 
turbulent airflow. The wake region also will be reduced and this will make the drag 
force that produce at the rear vehicle reduced. By the lower drag force will contribute 
to the lower fuel consumption. The task was done by doing a Computational Fluid 
Dynamic (CFD) analysis for expected vehicle speed of 40-140 km/h. A drag force 
was found based on Finite Element Method (FEM) based on inputs from CFD. This 
force was calculated to produce the drag coefficient of the model as a whole. The 
approach needed to justify the amount of drag that can be reduced by addition of a 
rear diffuser as compared to the model without a diffuser. In an aerodynamic field, 
the main important thing to get the stability, performance and good fuel consumption 
is to design a vehicle with low CD. The reduction of lift and flow separation is the 
key results that will Pc, a point of discussion. This project is to get an overall 
comparison of the velo'it and pressure distribution before and after the rear diffuser 
is added.
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ABSTRAK 
Ciri-ciri aerodinamik adalah sangat mempengaruhi akan prestasi dan kawalan 
sesebuah kenderaan. Salah satu kesan penyebab akan aerodinamik adalah geseran 
atau "drag force" dan daya tujahan. liii akan mempengaruhi kesemua prestasi, 
penggunaan minyak, keselarnatan, dan kestabilan sesebuah kenderaan. Kesan dasar 
pengaliran udara diantara permukaan jalan dengan bawah badan kenderaan akan 
menghasilkan daya tujahan ke bawah. Diffuser akan menghasilkan tekanan yang 
rendah dan mil akan menyebabkan tujahan ke atas menjadi rendah sehingga menjadi 
nilai negatif. Nilai negatif mi terhasil berdasarkan luas permukaan diffuser tersebut. 
Diffuser juga akan menghasilkan peyebaran pengaliran udara yang kurang di 
belakang kerana mi akan menghasilkan pegaliran udara yang bergelora. Kawasan 
olak di belakang juga akan berkurangngan dan mi akan menjadikan daya geseran 
Yang terhasil di bahagian belakang kenderaan berkurangan. Dengan nilai daya 
geseran yang rendah, Ia akan membantu dalam penggunaan minyak yang rendah. 
Tugasan mi dimulakan dengan menggunakan kelajuan yang telah ditetapkan pada 40 
km/j hingga 140 km/j dengan menggunakan analisis Computational Fluid Dynamic 
(CFD). Daya geseran akan didapati apabila menggunakan perisian Finite Element 
Method (FEM) berdasarkan makiumat daripada CFD. Nilai daya mi akan digunakan 
untuk mengira pekali geseran keseluruhan model kereta tersebut. Nilai pengurangan 
geseran yang terhasil daripada diffuser diperiukan untuk menbenarkan pembezaan di 
antara model tanpa diffuser. Di dalam aspek aerodinamik, kestabilan, prestasi dan 
penggunaan minya.k amat penting untuk menghasilkan kenderaan yang rendah CD. 
Pengurangan tujahan dan peyebaran udara adalah kunci utama di dalani 
perbincangan. Projek mi akan mendapatkan perbezaan berdasarkan pegaliran angin 
dan tekanan sebelum dan selepas diffuser dipasangkan.
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CHAPTER 1 
INTRODUCTION 
1.1	 Background 
Aerodynamics is the branch of dynamics that deals with the motion of air and 
other gaseous fluids and with the forces acting on bodies in motion relative to such 
fluids. For some classes of racing vehicles, it may also be important to produce 
desirable downwards aerodynamic forces to improve traction and thus cornering 
abilities. Most everyday things are either caused by aerodynamic effects or in general 
obey the aerodynamic laws. For aerodynamic bodies is simplifies procedure may 
then be devised for the evaluation of the aerodynamic loads. A car driven in a road is 
affected by aerodynamic forces created. In all these categories, the aerodynamics of 
such cars is of vital importance. They affect the cars stability and handling. They 
influence both performance and safety.
	1.2	 Problem Statement 
Most of moving vehicle produces drag especially at rear because of the 
turbulent air of airflow separation. These will produce the drag force and the 
reduction of drag is essential for improving performance and fuel consumption. In 
every vehicle movement, the air flow will go through to the rear underbody of the 
vehicle. The air flow also will make the drag and friction occur because of the 
underbody parts and rear side of the boundary effect. This rear diffuser will reduce 
the drag and friction of air flow at the rear and will increase the down force of the car 
when moving in high velocity. This project will reduce the drag and increase down 
force by adding the diffuser at the rear of vehicle in order to reducing fuel 
consumption and achieve the objectives. 
	
1.3	 Objectives 
1) To analyze the effect of rear diffuser on vehicle in term of velocity 
and pressure. 
2) To estimate percent reduction and compare the drag coefficient and 
aero-power of vehicle between with and without rear diffuser. 
	
1.4	 Scopes of Study 
1) Study on aerodynamics drag reduction by rear diffuser. 
2) Redevelop the existing model of rear diffuser with Solid Work. 
3) Simulate the model by using Computational Fluid Dynamic (CFD) 
and Finite Element Method (FEM). 
4) To compare the drag for both with and without rear diffuser.
CHAPTER 2 
LITERATURE REVIEW 
2.1 Automotive Aerodynamics 
Aerodynamics is the branch of dynamics that deals with the motion of air and 
other gaseous fluids and with the forces acting on bodies in motion relative to such 
fluids. Automotive aerodynamics is the study of the aerodynamics of road vehicles. 
The main concerns of automotive aerodynamics are reducing drag, reducing wind 
noise, minimizing noise emission and preventing undesired lift forces at high speeds. 
For some classes of racing vehicles, it may also be important to produce desirable 
downwards aerodynamic forces to improve traction and thus cornering abilities [1]. 
An aerodynamic automobile will integrate the wheel and lights in its shape to have a 
small surface. It will be streamlined for example it does not have sharp edges 
crossing the wind stream above the windshield and will feature a sort of tail called a 
fastback or Kammback or liftback. It will have a flat and smooth floor to support the 
venturi or diffuser effect and produce desirable downwards aerodynamic forces. The 
air that rams into the engine bay, is used for cooling, combustion, and for passengers, 
then reaccelerated by a nozzle and then ejected under the floor. Most everyday things 
are either caused by aerodynamic effects or in general obey the aerodynamic laws. 
For aerodynamic bodies is simplifies procedure may then be devised for the 
evaluation of the aerodynamic loads.
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Figure 2.1: Aerodynamic of bluff bodies [1] 
A car driven in a road is affected by aerodynamic forces created. The 
aerodynamics of such cars is of vital importance. They affect the cars stability and 
handling. They influence both performance and safety. 
2.2 Aerodynamic Force 
2.2.1 Forces 
A body in motion is affected by aerodynamic forces. The aerodynamic force 
acts externally on the body of a vehicle. The aerodynamic force is the net result of all 
the changing distributed pressures which airstreams exert on the car surface [3]. 
Aerodynamic forces interact with the vehicle causing drag, lift, down, lateral forces, 
moment in roll, pitch and yaw, and noise. These impact fuel economy, and handling. 
The aerodynamic forces produced on a vehicle arise from two sources that are form 
(or pressure) drag and viscous friction. Forces and moment are normally defined as 
they act on the vehicle. Thus a positive force in the longitudinal (x-axis) direction on 
the vehicle is forward. The force corresponding to the load on a tire acts in the 
upward direction and is therefore negative in magnitude (in the negative z-direction). 
The forces also corresponding to the shape on the vehicle part in aerodynamic shape. 
Figure 2.2 below shown of the vehicle most significant forces [2].
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Figure 2.2: Arbitrary forces and origin of the forces acting on the vehicle [2] [3]

Table 2.1: Forces acting on moving vehicle 
Direction Force Moment 
Longitudinal (x-axis, +ve rearward) Drag Rolling moment 
Lateral (v-axis, +ve to the right) Sideforce Pitching moment 
Vertical (z-axis, +ve upward) Lift Yawing moment
The focus in cars is on the aerodynamic forces of downforce and drag. The 
relationship between drag and downforce is especially important. Aerodynamic 
improvements in wings are directed at generating downforce on the car with a 
minimum of drag. Downforce is necessary for maintaining speed through the 
corners. [3] 
2.2.2 Aerodynamic Lift 
The other component, directed vertically, is called the aerodynamic lift. It 
reduces the frictional forces between the tires and the road thus changing 
dramatically the handling characteristics of the vehicle. In addition to geometry, lift 
FL is a function of density p and velocity V. Lift is the net force (due to pressure and 
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ViSCOUS forces) perpendicular to flow direction. The aerodynamic drag coefficient 
equation is [2]:
FL 
F= pV2A	 (2.1) 
FL = lift force [N] 
p = density of the air [kg/m3] 
A = area of the body [m2] 
V— velocity of the body [m/s] 
Aerodynamic lift and its proper front-and-rear-axle distribution is one of the 
key aspects in terms of on-road stability [4]. As long as driving speed is low, below 
say 100 km/h, lift and pitching moment have only a small effect on the directional 
stability of a car, even in crosswind. however, at higher speeds this is no longer true, 
and so recent developments are directed at controlling them. 
2.3 Aerodynamic Pressure 
The gross flow over the body of a vehicle is governed by the relationship 
between velocity and pressure expressed in Bernoulli's Equation. Bernoulli's 
Equation assumes incompressible flow which is reasonable for automotive 
aerodynamics [2].
'static + 1'ci3namic	 totca	 (2.2) 
p+!pv2=p 
p = density of air [kg/m3] 
V = velocity of air (relative to the ear) [m/s]
-	 OscroasIrg 
nceaslnq Prwe 
CF 
op 
Cp = 
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In equation above, the sum of the forces brings in the pressure affect acting 
on the incremental area of the body of fluid. The static plus the dynamic pressure of 
the air will be constant (Ps) as it approaches the vehicle. At the distance from the 
vehicle the static pressure is simply the ambient, or barometric, pressure (Patm). The 
dynamic pressure is produced by the relative velocity, which is constant for all 
streamlines approaching the vehicle. As the flow approaches the vehicle, the 
streamlines split, some going above the vehicle and others below. By inference, one 
streamline must go straight to the body and stagnate (impinging on the bumper of the 
vehicle). At that point the relative velocity has gone to the zero. This will make the 
static pressure observed at that point on the vehicle. Figure 2.3 below showing flow 
over a cylinder that it affects is most same to the vehicle [2]. 
Figure 2.3: Pressure and velocity gradients in the air flow aver the body [2] 
The static pressure will distribute along the body of a car. The pressures are 
indicated as being negative or positive with to the ambient pressure some distance 
from the vehicle. A negative pressure is developed at the front edge of the hood as 
the flow rising over the front of the vehicle attempts to turn and follow horizontally 
along the hood. Near the base of the windshield and cowl, the flow must be turned 
upward, thus the high pressure is experienced. Over the roof line the pressure goes 
negative as the air flow tries to follow the roof contour [2].
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2.4 Aerodynamic Drag 
The component of the resultant aerodynamic force which opposes the 
forward motion is called the aerodynamic drag. The aerodynamic drag affects the 
performance of a car in both speed and fuel economy as it is the power required to 
overcome the opposing force. In order to explain the aerodynamic drag, there have 
two forces that are the frontal pressure and the rear vacuum [5]. 
Frontal pressure is caused by the air attempting to flow around the front of 
the car. As millions of air molecules approach the front part of the car, they begin to 
compress, and in doing so raise the air pressure in front of the car. Rear vacuum or 
wake is caused by the "hole" left in the air as the car passes through it. This empty 
area is a result of the air molecules not being able to fill the hole as quickly as the car 
can make it. The air molecules attempt to fill in to this area, but the car is always one 
step ahead [5]. 
In every moving vehicle, the drag will produce in every surface of the 
vehicle. The drag is due in part to friction of the air on the surface of the vehicle, and 
in part to the way the friction alters the main flow down the back side of the vehicle. 
Drag is the largest and most important aerodynamic force encountered by passenger 
cars at normal highway speeds. The overall drag on a vehicle derives from 
contributions of many sources. For the vehicle, the drag produced from the body 
(forebody, afterbody, underbody and skin friction). The major contributor is the 
afterbody because of the drag produced by the separation zone at the rear. It is in area 
that the maximum potential for drag reduction is possible. [2] 
2.5 Drag Coefficient 
The aerodynamic drag is the focus of public interest in vehicle aerodynamics. 
It is and even more so it's non-dimensional number of CD, the drag coefficient has 
almost become a synonym for the entire discipline. Performance, fuel economy,
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emissions, and top speed are important attributes of a vehicle because they represent 
decisive sales arguments, and they all are influenced by drag. Drag coefficient (CD) 
is a commonly published rating of a car's aerodynamic smoothness, related to the 
shape of the car. Multiplying CD by the car e s frontal area gives an index of total drag. 
The result is called drag area, and is listed below for several cars. The width and 
height of curvy cars lead to gross overestimation of frontal area. The aerodynamic 
drag coefficient equation is [2]: 
CD = FD1 (2.3) pV2A 
FD = drag force [NJ 
p density of the air [kg/rn3] 
A = area of the body [m2] 
V= velocity of the body [m/s] 
The drag coefficient varies over a board range with different shapes. Figure 
2.4 below shows the coefficients for a number of shapes. In each case it is presumed 
that the air approaching the body has no lateral component. The simple flat plate has 
a drag coefficient of 1.95. This coefficient means that the drag force is 1.95 times as 
large as the dynamic pressure acting over the area of the plate. 
II - L95 PO4 owe 
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Figure 2.4: Drag coefficients of various shapes [2] 
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In contrast, with the mush better aerodynamic design of cars their drag 
coefficient is not as sensitive to yaw angle because the flow will not separate so 
readily. Normally, the drag coefficient increase by 5% to 10% with yaw angles in the 
range typical of on-road driving for passenger cars. The different of yaw angle will 
influence on the drag coefficients of several different types of vehicles [2]. 
2.6 Air Flow around the Vehicle 
Under cairn conditions and no traffic, vehicles travel through still air, hence 
the relative air flow they experience has no turbulence, is unsteadily relative to the 
vehicle and has the same magnitude as the vehicle speed relative to the road. If an 
atmospheric wind or air flow is present, generally a yaw angle is created because the 
flow is not aligned with the centerline of the vehicle and thus the air speed of a 
vehicle experiences is not the same as the road speed [6]. The flow processes to 
which a moving vehicle is subjected fall into two categories: 
1) Flow of air around the vehicle. 
2) Flow of air through the vehicle's body. 
The two categories of these flow fields are closely related. For example, the 
flow of air through the engine compartment depends on the flow field around the 
vehicle. Both flow fields must be considered together. On the other hand, the flow 
processes within the engine and transmission are not directly connected with these 
two categories of flow. They are not called aerodynamics, and are not treated here 
[8]. Flow separations may appear in different locations on vehicles with more 
angular geometries, and fairing dominated flows can exist on a variety of road 
vehicles The main aspect of this flow field is the formation of two concentrated side 
edge vortices which dominate the nearby flow field. Those two vortices induce a 
large velocity on the plate creating strong suction forces which considerably increase 
the lift of the flat-plate wing. Typical pattern of flow-separation frequently found on 
three-box-type sedans. In this case a separated bubble, with locally recirculation 
flow, is observed in the front, at the break point between the bonnet and the
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windshield. The large angle created between the rear windshield and trunk area 
results in a second, similar flow-recirculation area [9] [10]. 
2.6.1 External Flow 
The flow around a vehicle is responsible for its directional stability as well as 
straight line stability, dynamic passive steering, and response to crosswind depend on 
the external flow field. Furthermore, the outer flow should be tuned to prevent 
duplets of rain water from accumulating on windows and outside mirrors, to keep 
headlights free of dirt, to reduce wind noise, to prevent the windshield wipers from 
lifting off, and to cool the engine's oil pan, muffler,. and brakes, etc. 
The external flow around a vehicle is shown in Figure 2.5 below. In still air, 
the undisturbed velocity, V is the road speed of the car. Provided no flow separation 
takes place, the viscous effects in the fluid are restricted to a thin layer of a few 
millimeters thickness, called the boundary layer. Beyond this layer the flow can be 
regarded as in viscid, and its pressure is imposed on the boundary layer. Within the 
boundary layer the velocity decreases from the value of the in viscid external flow at 
the outer edge of the boundary layer to zero at the wall, where the fluid fulfills a no-
slip condition. When the flow separates, the boundary layer is "dispersed" and the 
flow is entirely governed by viscous effects. The character of the viscous flow 
around a body depends only on the body shape and the Reynolds number. For 
different Reynolds numbers entirely different flows may occur for one and the same 
body geometry. Thus the Reynolds number is the dimensionless parameter which 
characterizes a viscous flow [8] [9].
